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Abstract. In the past 10 years the Veterinary Hospital of the Faculty of Veterinary (University of 
Córdoba, Spain) and the National Association of Spanish Horse Breeders (ANCCE) have received 
many cases of horses, males and females from Pure Spanish Breed (PRE), with reproductive problems. 
As a result of an interdepartmental cooperation already exists in our Faculty, all of them have been 
studied from the cytogenetic point of view and we have found the following chromosomal 
abnormalities: 63,X0; 63 X0/64,XX; 63,X0/64,XY; 63,X0/64,XX/64,XY; 63,X0/64, XX/64,XY/65, 
XXX; 64,XX/64,XY; 65,XXX; 64,XX male sex reversal, 64,XY female sex reversal. The reproductive 
phenotype has varied from a normal female to normal male different reproductive manifestations 
through intersex and specific cases of reversal sex, both males and females. 
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INTRODUCTION 
 
The normal chromosomes of the horse alter staining with e.g. Giemsa, appear as 
biarmed, being metacentric or sumetacentric chromosomes, or uniarmed acrocentric ones. The 
female Karyotype has 13 pairs of metacentric or submetacentric autosomes and 18 pairs of 
acrocentric autosomes plus a large pair of submetacentric X-chromosomes. The male has a 
similar autosomes pattern plus one large submetacentric X chromosome and a small acrocentric 
Y chromosome. The most important effects of abnormal karyotypes are their contribution to 
lowered reproductive performance (Lear, T.L. and McGee, R.B., 2012). . In fact the alterations 
may produce a decreased ability or complete failure in the production of functional gametes, the 
embryonic death or congenital malformation. In horse it is commonly considered that the 
reproductive efficiency is lower than that of other large domestic animals. In some breeds the 
reproductive loss in mare has been calculated to be overall 30-40%, including factors as 
chromosome abnormalities (Power, 1990 review). Currently, in our country a systematic 
cytogenetic study in animals belonging to the breed Pure Spanish (PRE) with a history of 
reproductive problems are carrying out in collaboration with the Owner Association. We present 
some of the cases found during the last years. 
 
MATERIALS AND METHODS 
 
A total of fifteen horses, males and females, with reproductive problems from Pure 
Spanish Breed (PRE), were received in the Molecular and Applied Animal Cytogenetics 
Laboratory, (Department of Genetics, Faculty of Veterinary, University of Córdoba, Spain) from 
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Veterinary Hospital of the Faculty of Veterinary (University of Córdoba, Spain) and the National 
Association of Spanish Horse Breeders (ANCCE) to be cytogenetically studied. Peripheral blood of 
each animal was cultured following the De Grouchy and col. (1964) method slightly modified. 
The harvesting was made as usual. The microscopic preparations were obtained with the habitual 
method and the diagnosis of the presence of sexual chromosomes to identify the different cell 
populations was made and photographed with an optical Reichert Polivar photomicroscope.  
In order to identify the sexual chromosomes of the horse a modification of C-banding 
techniques described by Sumner (1972) was made in all the animals. This technique is particularly 
useful in the identification of the X chromosome and even the Y chromosomes in horse. In this 
species in fact all the autosomes and the X chromosome have centromeric heterochromatin, which 
stains positively with C-banding, but in addition the X chromosome has a positive C-band on the 
long arm and which consequently distinguishes it from the autosomes. The Y-chromosome is quite 
entirely C-banding positive and easily to distinguish it form the rest of chromosomes.  The sexual 
chromosomes have also identified, in some cases, by fluorescent in situ hybridization (FISH) with 
the X and Y-chromosome specific painting probes (Bugno and col., 2010).  
 
 
The figure 1 shown the different chromosome constitution. 
 
 
 
Fig 1: a –d ) karyotypes of X0, XX, XY  and XXX cells  
respectively. e –g ) FISH of X0, XX, XY cells respectively. 
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RESULTS AND DISCUSSION 
 
63,XO 
Two animals were carrier of 63,X0 chromosome complement. This anomaly is the most 
frequently reported in the horse (Lear and McGee, 2012). The oestrus in these animals was 
irregular and small gonads lacking follicular development were detected as well. They presented 
"gonadal dysgenesis". Also the mares had infantile uterus. In horses all the mares reported as X 
monosomic have been infertile. The X monosomy is known as Turner’s syndrome in human. The 
X0 constitutions are relatively frequently found in species such as horses, humans and mice but 
are rare or absent in species like in cattle/ruminants, dogs, pigs, and alpacas (Raudsepp, T. and 
col., 2012). In horse it can be estimated that this chromosome alteration is the most common 
abnormality in man with an incidence of 1-1.5% and a mortality of 99% as early abortion. In this 
species the X chromosome monosomy has not been whown to be associated with increased 
prenatal mortality. However, the possible contribution of production and mortality of 63,X0 
embryos to embryonic loss may be suspected. The analyzed animals were carried of typical 
reproductive anomalies (De Lorenzi, L. and col., 2007).  
 
63,XO/64,XX 
A phenotypic female animal with irregular estrus and no other apparent external 
abnormalities was studied. On the contrary its internal genitalia were very underdeveloped. The 
cytogenetic study showed a 63,X0/64,XX  constitution. In the literature there are many cases of this 
anomaly and virtually with this reproductive disorder, in fact the gonadal dysgenesia. It has been 
cited even one case with varying degrees of intersexuality. Its prevalence is not entirely known but 
there have been published several papers that have shown that the percentage is not small. So 
Bowling and col (1987) observed that 31% of mares with gonadal dysgenesia were monosomic and 
mosaics. Power (1990) observed on a total of 392 horses with reproductive problems a percentage 
of 29,85% of mosaicism X0/XX, being the most frequent abnormality together with monosomy X. 
Moreover Bugno (2007) on a total of 272 randomly mares in which 3.7% had chromosomal 
abnormalities observed 7 cases of mosaicism (2.6%). 
 
63,XO/64,XY 
This is an animal with 63,XO/64,XY leukocyte chromosome constitution. 
Phenotypically appeared as a male with only one testicle apparent, the other was not descended, 
and with a feminine behavior. With these sexual disorders this animal can be considered as 
intersex. The clinical examination, in fact, categorized as the horse intersex (male 
pseudohermaphroditism). In the literature it appears that this syndrome is relatively common in 
both humans and domestic animals, all related to reproductive disorders ranging from gonadal 
dysgenesis to pseudohermaphroditism. In several cases  the presence of ovotestes have cited and 
even animals with phenotypic females but gonadal dysgenesia (Power, 1990 review). Das and 
col. (2012) observed a case of a horse with this chromosomal abnormality in which the Y sex 
chromosome was an isochromosome, as observed by Herzog and col. (1988) in another case 
before, being carriers of the same reproductive disorder. 
 
63,XO/64,XX/64,XY 
This chromosomal abnormality is rare because in the literature there is only one 
precedent of a mare with this chromosomal constitution. In our case it is a mare without estrus. 
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The study showed underdevelopment in its sexual organs with ovaries extremely small. Once 
again it shows that the disorder of sex development is closely linked to various types of 
chromosomal abnormalities such as the present case. Stewart-Scott (1988) observed a similar 
case with a poor reproductive performance due to small gonads and absent oestrous cycles. This 
author found this reproductive disorder also in other cases of chromosomal alterations as a case 
of 65, XXX, two cases with 64, XY sex-reversal females and other one with sex chromosome 
mosaicism 63,XO/64,XX. This report supports the suggestion made in earlier studies that sex 
chromosome abnormalities may be a significant cause of sterility in the mare. 
 
63,XO/64,XX/64,XY/65XXX 
The studied animal was a 5-years-old mare which has presented an infertility syndrome 
and a masculine behavior. Only a hypertrophy of clitoris without other morphological 
abnormalities was shown in its external reproductive system, while the ovaries were impossible 
to detect by palpation and the uterus was 1 cm long and without horn (ultrasound detection). The 
serological test of testosterone was positive. Its behavioral aspect, reproductive physiology and 
morphological alterations categorized the animal as a case of male pseudohermaphroditism, the 
most frequent intersexuality in domestic animal, and especially in horse. The cytogenetic study 
(the analysis of 147 metaphases) showed an animal with an aneuploidy of sexual chromosomes, 
having four different cellular types. The animal was 63,X0/64,XX/64,XY/65,XXX, a complex 
combination of chromosome complements. We observed that the animal presented a cellular 
chimerism XX/XY together with a mosacism XX/X0/XXX.In 1969 Basrur and col. identified 
four cell populations (63, X0/64, XX/64, XY/65, XXY) in an animal apparently product, 
according to a later study (Basrur and col. 1970), of a double fertilization or fusion of two 
blastocysts. Later, one case of male pseudohermaphroditism in a horse with a strong male sexual 
behavior, which was a case of mosaicism XX/XXY was detected by Bowling and col. (1987).  
Moreover, Klunder and McFeely, in 1989, reported a similar case of mosaicism and 
chimerism (63,X/64,XX/65, XXX/65,XYY) but not the same  cited by Basrur and col. in an 
intersex animal. Intersex animals have mostly a female phenotype with a widely variable 
deviation in their reproductive systems. Power (1990) described a lot of cases of 
pseudohrmaphroditism with different chromosomal complements being XX/XY chimerism the 
most frequent. Also some more types cited including the X chromosome trisomy (Moreno Millán 
et al. 1989). In all domestic species, the chimerism or mosaicism syndrome is commonly found in 
both sexes with reproductive disorders. This is the first case in which the association between the 
male pseudohermaphroditsm and the X0/XX/XY/XXX chromosomal constitution is found in 
horse or another domestic species. Actually we continue the cytogenetic study of this animal in 
order to correlate the clinical problems found and some genetic phenomena that arise from a 
defective embryonic development.  
 
64,XX/64,XY 
Five Spanish breed horses with some sexual alterations were object of the study. Two of 
them were mares looked masculine and their behaviour corresponded with this appearance. The 
appearance of these animals was females with virilisation of its external genitalia and it can be 
classified as two cases of Intersexuality. Furthermore the animals had a male attitude and 
attempted to copulate with females. These animals showed the leukocyte chimerism XX/XY. 
Three animals were males but after the diagnoses by genetic markers appear to be female 
markers. Their sexual behaviour was no normal. Numerous cases of this chimerism in the 
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consulted literature and related with clinical abnormality have been reported, all of then related 
with reproductive disorders (Power, 1990). 
 
65,XXX 
This animal was a seven-year-old PRE horse considered as mare was studied 
cytogenetically. The horse looked masculine and its behaviour corresponded with its appearance; 
it had an aggressive attitude towards males and attempted to copulate with females. It had a 
perfectly formed vulva, although the clitoris was prominent and reached a dimension of 20 cm in 
erection. Obviously it was infertile and its owner had never observed it in oestrus. The animal 
had the characteristic of a male pseudohermaphroditism, the most common type of intersexuality 
in domestic animals. The cytogenetic study showed an X-trisomy chromosomal constitution.   
This alteration is associated with gonadal malfunction. In the literature we found some cases of 
X-trisomy in horse mainly in phenotypic normal females and one case with ovarian hypoplasia 
(Chandley and col. 1975; Buoen and col. 1983) 
 
64,XX female reversal sex 
This is the first time in which this syndrome is described in this Spanish Pure Breed 
(PRE). A 14 month old PRE foal with male-like appearance was studied due to abnormalities of the 
external genitalia. The determination of its sex by molecular markers was female. On a preliminary 
physical examination the animal had an overall male body conformation with some alterations in its 
foreskin and the presence of two nipples. The animal urinated via the penis. We continue the 
reproductive study. The cytogenetic investigation revealed that this foal had a normal female 
karyotype (64,XX). As described by Ciotola and col (2012) the SRY-negative intersex is the 
disorder of sex development most frequent in horses, many of then females but there are some 
cases described to be male (Buoen and col. 2007; Ciotola and col, 2012) like our case.  Further 
studies will focus on the complexity of the process of sexual differentiation and to try to 
determine the steps that regulate in cascade this process. 
 
65,XY male reversal sex 
Two mares with a chromosome complement of male (64, XY) were studied, being 
reversal sex. It has been reported over 100 cases of females with sex reversal and with different 
degrees of virilisation. This is infertile mares and male behavior. The etiology is unknown but 
there are two hypotheses to explain this phenomenon: One hypothesis propose that an autosomal 
dominant mutation, sex-limited or a Y chromosome mutation with variable expression 
happen(Kent and et al 1986). Following the other a translocation of genetic material from Y 
chromosome to another autosome chromosome happen (Bowling and col. 1987). 
This is the first time that this syndrome is observed in Spanish Purebred (PRE). 
Examination of the external reproductive tract of one animal showed morphology with no apparent 
change. But an internal examination by rectal showed very small ovaries and uterus, and located 
dorsally between the fourth and fifth lumbar vertebrae. The ultrasound analysis showed the same 
image, which led us to the conclusion that it was a case of gonadal dysgenesia. The second case is a 
mare phenotypically nornal but the molecular diagnosis of sex showed to be male. Currently we are 
studying it from all point of view. In both cases the cytogenetic study showed that all leukocyte 
cells were XY being these animals reversal sex syndrome. This alteration is difficult to diagnose 
and to distinguish clinically from the reproductive effects caused by the sex chromosome 
monosomy X, which is close to sex reversal. Kent et al (1986) classified the cases of sex reversal 
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in four categories: phenotypically normal females with normal female reproductive tract;  
females with small ovaries and non-functional; intersexes with fibrous gonads, uterus and clitoris 
child and long virilized intersexes with testes or ovotestes and hypoplastic uterus and cervix. Our 
first case falls within the second type described (Moreno and Moreno Moreno Millán, 2006) and 
the second case would be, until now, in the first type. 
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